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Preface 
 
This research describes a model on the impact of economic use of energy 
on health problems caused by air pollution. The thesis is part of the 
master curriculum in environmental science of the Open University of the 
Netherlands (OUNL). The research of the model was conducted at the 
Netherlands Assessment Agency (MNP) at Bilthoven, supervised by dr. 
Henk Hilderink (MNP) and dr. Raymond Niesink and dr. ir. Lily Fredrix 
(both OUNL). 
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Summary 
 
  Worldwide in 2005 49 per cent of the world population lives in cities and 
this percentage will increase in the future. In cities, severe air pollution 
has been measured. A main constituent of polluted urban air is particulate 
matter (PM). PM consists of particles of different sizes and represents a 
mixture of organic and inorganic substances. By inhaling polluted air, 
health impacts may occur. The research described in this article addresses 
two main questions:  
 
1. Does a relationship exist between economic activities, use of 
energy, air pollution and health? 
2. If there is such a relationship is it  quantifiable? 
 
The thesis follows a conceptual simulation model consisting of a causal 
chain of building blocks starting with the economic activities and ending 
with the health impacts. The blocks in between are demand of energy, 
sources of air pollution, emissions, concentrations and exposure. Inputs 
for the model were obtained by a literature review. 
The study revealed that there is a causal relationship along the chain. An 
important factor to determine air pollution is the use of energy. 
Combusting of fossil and renewable fuels and waste results in emission of 
PM. The PM concentration appeared to be reciprocal with wind speed.  
Following the research, the answer on question 1 is that for the world as 
a whole there is a relationship between economic activities and the use of 
energy but for a country or city this relation is more difficult to find. 
Therefore the answer on question 2 is that it is not possible to quantify 
health impacts only based on the economic activities of a country or city. 
The research showed that to determine the health impacts caused by air 
pollution the demand of energy turns out to be a crucial factor. 
It can be concluded that a simulation model, starting with the demand of 
energy is a useful tool for quantifying health impact of air pollution. The 
model can be implemented by translation into a computer simulation 
model. Case studies have been carried out for some cities. The influence 
of the wind in the model  counts for a city with a diameter of 5 km. For 
cities with a bigger diameter it is recommended to investigate the 
influence of wind speed in more detail. 
 
Key words DALY, emission, demand of energy, morbidity, mortality, 
particulate matter 
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1 Introduction 
 
From the earliest appearance of mankind till the present time the world 
population is growing. According to the United Nations the global 
population increased in recent decades from 2.5 billion in 1950 till 6.7 
billion in  2007 and is expected to increase to 9.2 billion in 2050 (UN 
2007, Table I.1). However, the world population is not growing in a 
homogenous way. There is a difference in growth between the rural and 
the urban population (figure 1).  
 
Urban and rural development 1950-2030 
For Less Developed regions and More Developed regions 
 
 
 
source: Population Division, UN: World Population Prospects: The 2004 Revision and World 
Urbanization Prospects: The 2003 Revision.note: More developed regions; they comprise all regions 
of Europe plus Northern America, Australia/New Zealand and Japan.Less developed regions; they 
comprise all regions of Africa, Asia (excluding Japan), Latin America and the Caribbean plus 
Melanesia, Micronesia and Polynesia. 
 
Figure 1. Urban and rural population of the world, 1950-2030. Source: 
GeoHive (GeoHive, 2007) 
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The twentieth century witnessed the rapid urbanization of the world’s 
population. The global proportion of urban population increased from a 
mere 13 per cent in 1900 to 29 per cent in 1950 and, according to the 
2005 Revision of World Urbanization Prospects, reached 49 per cent in 
2005. Since the world is projected to continue to urbanize, 60 per cent of 
the global population is expected to live in cities by 2030. The rising 
numbers of urban dwellers give the best indication of the scale of these 
unprecedented trends: the urban population increased from 220 million in 
1900 to 732 million in 1950, and is estimated to have reached 3.2 billion 
in 2005, thus more than quadrupling since 1950. According to the latest 
United Nations population projections, 4.9 billion people are expected to 
be urban dwellers in 2030 (UN,2006) 
 
Urbanization is a process of relative growth in a country’s urban 
population accompanied by an even faster increase in the economic, 
political, and cultural importance of cities relative to rural areas 
(Worldbank, 2004, page 69). 
For people in developing countries it has benefits to live in the city 
because economic activity is on a higher level and (public) services such 
as drinking water, sanitation, electricity and education are better. In the 
developed countries it is also attractive to live in a city because cities are 
the centres of the economic activity of a country (UN, 2006). 
There are also disadvantages for living in  a city such as there are 
problems with housing, heavy traffic and air pollution. Air pollution may be 
a problem for health. It is estimated that in The Netherlands between ten 
thousand and up to some tens of thousands of people per year die 
because of air pollution caused by small particles (dust) (Buijsman et al., 
2005) 
 
When is air polluted? In this thesis the following definition is used for 
clean air: ‘Clean air is air that exists for 78% of nitrogen, 21% of oxygen, 
1% of inert gas and for 0.03% of carbon dioxide (Govers et al, 1997). Air 
is polluted if it contains dust in the form of particulate matter (PM). 
Various particulate matter metrics appear to show the most consistent 
associations with mortality and morbidity, although some associations 
have also been reported for ozone, sulphur dioxide, carbon dioxide, and 
nitrogen dioxide. For the quantitative assessment of health effects, 
however, PM has been selected because of the relative wealth of 
epidemiological evidence. The estimates do not incorporate the effects of 
outdoor air pollution in cities with a population less than 100.000 or in 
rural population (Ostro B., 2004). PM consists of a mixture of particles of 
different sizes and represents a mixture of organic and inorganic 
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substances. PM remains for some time in the air and the concentration of 
these particles can be measured. The standard sizes of the particles 
measured are ≤2.5 and ≤10 μm (PM2.5 and PM10). The physical properties 
of PM10 particles are such that they may reach the upper part of the 
airways and lungs. The smaller and finer PM2.5 particles are more 
dangerous because they penetrate deeper into the lungs and may reach 
the alveolar region (WHO 2005). However in most of the countries there 
are monitoring stations with instruments to measure the concentration of 
PM10. Technically it is more complicated to measure the concentration of 
PM2.5. The results of the measurements of PM10 differ between 10 μg/m3 
and 100 μg/m3 and are usually higher in cities. A concentration of 10 
μg/m3 can be considered as the natural background level, which means 
that a concentration of 100 μg/m3 is high. 
Air pollution by PM may have an anthropogenic and a natural character. 
Humans are burning fuels such as oil, gas and coal, which cause emissions 
of PM. Eruptions of volcanoes, forest fires, seas in the form of sea salt, 
water particles and soils produce a natural emission. Coal and oil are 
considered to be the ‘dirtiest’ of the sources of air pollution (Worldbank, 
2004), although a lot depends on their quality and methods of 
combustion. Fuel combustion by motor vehicles is a major source of 
suspended particulate emissions in urban areas (Worldbank, 2004). 
The purpose of this thesis is to design a real and useful model to 
estimate the impact of economic activities on health by causing air 
pollution. 
The thesis aims at two main questions:  
 
1. Does a relationship exist between economic activities, demand of 
energy, air pollution and health? 
2. If there is such a relationship is it  quantifiable? 
 
 
The central hypothesis of this thesis is: 
 
There is a quantifiable relationship between economic activities, demand 
of energy, air pollution and health. 
 
If this hypothesis is accepted, it will be possible for policy makers to get 
an indication of the impacts on health. The impacts on health can be 
measured as the morbidity and mortality caused by air pollution in cities 
with different economic activities. With the figures of morbidity and 
mortality it is possible for policy makers to use the health measure DALY 
(Disability Adjusted Live Year) which is a combination of morbidity and 
mortality outcomes. By quantifying the DALYs for their city they can 
compare the amount of health loss with cities worldwide. With the DALYs 
they get an impression of the health level in their own situation. 
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This study uses a conceptual model. This model starts with the economic 
activities as the major determinant of air pollution. The economic activities 
can be described by activities such as industry, agriculture and services. 
For all economic activities, energy is needed. Energy has been obtained by 
burning fossil fuels. These fuels produce an emission in the form of PM2.5 
and PM10. Depending on the concentration of PM2.5 and PM10 inhaled by 
humans they experience more or less health effects. The health impacts 
can be expressed in the figures for morbidity and mortality. These figures 
together can be used to calculate the DALYs.  
The study has been done by following  the conceptual model and  
reviewing  relevant literature. The focus of the model is on the urban area. 
In the neighbourhood of the so-called hotspots of emissions e.g. near 
industry or highways the emission or concentration can be high too. These 
locations are not subject of this thesis, because at every location the 
situation is different and has to investigate separately. To validate the 
outcomes of the study case studies for the cities of Amsterdam, Arnhem, 
New Dehli, London, Rome and Mexico City have been carried out. The 
cities all have a population of more than 100.000. 
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2 Methodology 
 
The study described in this thesis has been carried out using a 
conceptual model. This model is a logical model. The idea behind the 
model is that there are determinants causing air pollution and 
consequently health impacts may occur. The economic activities as the 
human activities that cause air pollution are chosen as start for the model. 
Economic activities cause a demand of energy and most energy is 
generated by combustion of fuels. This combustion causes huge emissions 
and this will consequently lead to a high concentration of air pollution. 
People are exposed to and inhale the polluted air and morbidity and 
mortality may occur. Using the figures for morbidity and mortality it is 
possible to quantify the figure for the DALYs. If it would be possible to 
make a quantitative model, policy makers can use the model to predict 
the impact of economic activities in their city on morbidity and mortality. 
The model is shown in figure 2. 
 
Economic 
activities 
 
  
 
 Demand of 
energy  
 
 
Emissions
Urban exposure 
Sources of air 
pollution 
Po
lic
y 
op
tio
ns
 
Impacts 
o Morbidity 
o Mortality 
o DALYs 
 
 
 
 
 
 
Concentrations 
 
 
 
 
 
 
 
 
 
 
                         Figure 2. Conceptual model 
 
 The figure presents the model consisting of various building blocks 
containing the above mentioned assumptions. The model has a causal 
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structure. Every building block in the model follows out of the previous 
building block. In the chapter Results all the building blocks and their 
relationship/connection will be discussed. Every building block will also be 
quantified and these quantifications are the input for the following building 
block.  
 
To show it graphically every building block has an input and an output: 
 
 
     Input         Output Building block 
 
 
 
In table 1 for the conceptual model all the building blocks with their 
inputs and outputs are shown. 
 
Table 1. Building blocks of the conceptual model with their inputs and 
outputs 
 
Building block Input Output 
economic activity Gross Domestic Product 
(GDP) of a country in 
dollars 
Share of different 
economic activities of 
GDP in dollars 
demand of energy Share of different 
economic activities of 
GDP in dollars 
Demand of energy for 
every economic activity 
in million tonnes of oil 
equivalent 
sources of air pollution Demand of energy for 
every economic activity 
of coal, gas and oil in 
million tonnes of oil 
equivalent 
Demand of energy of 
coal, gas and oil that 
causes air pollution 
emissions Demand of energy of 
coal, gas and oil that 
causes air pollution 
Emissions of PM caused 
by combustion of coal, 
gas and oil 
concentrations Emissions of PM caused 
by combustion of coal, 
gas and oil 
Concentration of PM 
exposure Concentration of PM Urban exposure 
impacts Urban exposure Morbidity, mortality and 
DALYs 
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Literature search and data sources 
 
The study has been done by reviewing literature and was focused on the 
building blocks and the relationship between them. The following sources 
have been used: 
 
Starting point of the thesis was the study, received from the MNP: 
 
 Outdoor air pollution: Assessing the environmental burden of disease 
at national and local levels (Ostro B, 2004) 
 
Other important studies were: 
  
 Fijn stof nader bekeken (Buijsman et al, 2005), searched by the 
reference ‘fijn stof’ on the website of the RIVM. 
 
 THE IEA ENERGY INDICATORS EFFORT (Schipper L., Unander F., 
Marie-Lilliu C., 2000), searched by the reference ‘energy indicators’ 
on the website of IEA. 
 
 Luchtverontreiniging en weer (Bijvoet et al, 1979), book found in 
the library of the KNMI. 
 
And studies from the organisations, searched by the references ‘GDP’, 
‘PM’, ‘air pollution’ etc. : 
 
For the building block ‘Economic growth’: 
 
The Worldbank, www.worldbank.org
The United Nations, www.un.org
 
For the building blocks ‘Demand of energy’ and ‘Sources of air pollution’: 
 
The International Energy Agency (IEA), www.iea.org
 
For the building blocks ‘Emissions’, ‘concentrations’ and ‘exposure’: 
RIVM, National institute for Public Health and the Environment, 
www.rivm.nl
The World Health Organisation (WHO), www.who.org
MNP, Netherlands Environmental Assessment Agency, www.mnp.nl
 
For the building block ‘Impacts’: 
 
The World Health Organisation (WHO), www.who.org
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After in the thesis the model has been developed some case studies will 
be worked out. Than the results of the case studies can be compared with  
known values. A very important value that can be compared is the value 
of the air pollution for a city or country. This value can be measured by 
monitoring. Worldwide for many cities and countries  this value is known. 
With this comparison the model can be validated till this value. The results 
of the health impacts such as mortality, morbidity and the DALYs are the 
Relative Risks (RR) people experience by air pollution. With the RR the 
mortality, morbidity and DALYs can be quantified. These values can not be 
validated and only are the results of quantification. These values are not 
known in reality. 
 
If the conceptual model turns out to be a real model policymakers can 
influence (e.g. by law) the air pollution on different points in the model 
e.g. the energy used by the economic activities or introducing filter 
equipment. 
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3 Results 
 
A qualitative and quantitative description of the building blocks 
of the model 
 
A. The building block ‘Economic activities’ 
 
The model starts with the building block ‘economic activities’ as the  
determinant causing air pollution. The economic activities are commonly 
expressed in the Gross Domestic Product (GDP) per year (Worldbank, 
2004). Another possibility is to use the terms Gross National Product 
(GNP) (the so-called nominal GNP) and Purchasing Power Parity (PPP) (the 
so-called real GNP) (Worldbank, 2004).  In literature both GDP and GNP 
are used. 
GDP is quantified as the value of the final output of all goods and 
services produced in a single year within a country’s boundaries 
(Worldbank, 2004). GNP is defined as GDP plus incomes received by 
residents from abroad minus incomes claimed by non-residents 
(Worldbank, 2004). PPP is an economic technique used when attempting 
to dertermine the relative values of two currencies. It is useful because 
often the amount of goods a currency can purchase within two nations 
varies drastically, based on the availability of goods, demand of goods, 
and a number of other, difficult to determine factors. PPP solves this 
problem by taking some international measure (basket of goods) and 
determining the cost for that measure in each of the two currencies, then 
comparing that amount. In other words PPP is a conversion factor for an 
appropriate exchange rate between currencies. It is a rate such that a 
representative basket of goods in country A costs the same as in country 
B if the currencies are exchanged at that rate. There are two ways of 
calculating GDP: 
1. By adding together all the incomes in the economy such as wages, 
interests, profits and rents. 
2. By adding together all the expenditures in the economy such as 
consumption, investment, government purchases of goods and services 
and net exports (exports minus imports). 
Table  2 shows nominal and real GNP (PPP) per capita in various 
countries. As can be seen in the table big differences exist between the 
two ways of expressing economic activity, especially for lower developed 
countries. The big differences show which countries have a strong 
currency and which countries have not. 
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Table 2. Nominal and real GNP per capita in various countries, 2005.  
(Worldbank) 
 
country GNP per capita 
(U.S.dollars) 
GNP per capita 
(PPP dollars) 
India 720 3460 
China 1740 6600 
Russia 4460 10640 
Germany 34580 29210 
The Netherlands 36620 32480 
Japan 38980 31410 
United States 43740 41950 
 
 
The GDP is constructed out of economic activities. Globally these 
economic activities are the activities agriculture, industry and services. For 
the share of these activities as a percentage of the GDP see figure 3. 
 
Figure 3. Shares of economic actitvities of the GDP. Source: Ecology and 
Society (Nelson et al, 2006) 
 
As the figure shows the share of the economic activities varies in time 
for the different countries. For the activities agriculture, forestry and 
fisheries the share of the GDP declines for the countries mentioned. For 
mining, manufacturing,  construction and utilities the share of the GDP 
inclines till 1950 and than for UK, Germany and China the share declines. 
For services the share inclines for all the countries. The figure also shows 
that the inclines and declines are not the same. For some countries they 
are fast and for other they are not. The conclusion is that the economic 
activities in dollars are not a fixed part of the GDP. In the conceptual 
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model was assumed that the different economic activities are a fixed part 
of the GDP. 
 
B. The building block ‘Demand of energy’ 
 
All economic activities use energy.  
The International Energy Agency in which developed countries 
participate concludes for the years 1971 till 2001 the following (IEA, 
2005): 
 
 Energy demand  has been growing during time. Both developed 
and developing countries are responsible for the growth. 
 In developing countries, rural and urban use of electricity , 
together with the development of transport and industrialization, 
led to a strong increase in energy demand. 
 Energy intensities (degree of energy use per economic activity) 
across countries and regions vary dramatically 
The world primary energy demand is also shown in figure 4. The 
demand for oil, gas and coal is increasing from 1970 to 2030. 
Important for the model is the conclusion that for all the countries 
together the demand of energy is growing from 1970 to 2030. 
 
 
 
Figure 4. World Primary Energy Demand (source: IEA, 2003) 
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Figure 5 shows the height of the GDP for the different parts of the world 
from 1970 to 2030. 
 
 
 
 
 
figure …. World GDP in real 2000 $billions (Source: IEA, 2003) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. World GDP. Real 2000 GDP ($billions) (source: ICAAP, 2007) 
 
 
So there is a correlation between energy demand and the GDP for all the 
countries together. 
For the different countries the correlation for the year 2003 can be seen 
for PPP and TPES (Total Primary Energy Supply) in figure 6 and for GDP 
and TPES in figure 7. The Total Primary Energy Supply (to compare with 
the demand of energy) is equivalent to production + imports – exports – 
international marine bunkers minus or plus stock changes. In these 
figures is to see that there is  no relationship for the different countries 
between the national products and the demand or supply of energy. 
Apart from industry, agriculture and services energy use depends also 
on the factors geography, climate, population density and growth, 
economic situation and growth and country-specific factors. Among others 
the country-specific factors are energy saving, improvement in efficiency 
by end users, shifts to electricity, shifts in manufacturing output, 
consumer behavior, government energy efficiency programmes and 
regulations. 
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Figure 6. PPP and TPS for selected countries (Source: (IEA, 2006) 
TPES: Total Primary Energy Supply in million tonnes of oil equivalent; PPP: Purchasing 
Power Parity. Original data can be found in table 1 of appendix 1. 
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Figure 7. GDP and TPS for selected countries (Source: (IEA, 2006) 
TPES: Total Primary Energy Supply in million tonnes of oil equivalent; GDP: Gross 
Domestic Product . Original data can be found in table 1 of appendix 1. 
 
The figures show a big variation in energy supply for the different 
countries. The energy supply does not seem to be dependent on the PPP 
or GDP, compare for example Japan, Norway and Luxembourg. The 
explanation will be the different economic activities as shown in table 3  
The different economic activities use a different amount of energy e.g. 
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services use less energy than industry and it depends on the kind of 
industry how much energy is used. 
 
Table 3. Relation PPP, GDP and different economic activities (source: 
Worldbank and IEA for the year 2003) 
 PPP GDP Agricultures 
% of GDP 
Industry 
% of GDP 
Services 
% of GDP 
Japan 26185 33129 2 30 68 
luxembourg 51222 64426 1 18 82 
Norway 37440 48785 2 38 60 
 
An other example of the energy use in MJ/1990$ PPP of GDP for IEA 
countries is presented in figure 8 (Schipper L., Unander F., Marie-Lilliu C. 
,2000). The energy use in MJ of figure 8 is equivalent for energy use in 
million tonnes of oil equivalent in figure 6 and 7. In figure 8 is again a big 
variation in energy use per country in relation to PPP and the energy use 
varies over the different economic activities. See for example 
manufacturing or cars for the different countries. 
 
Figure 8. Energy use by sector, per unit of GDP, in IEA countries in 
1994. In this diagram, Nordic-4 refers to the four Nordic Countries (Denmark, Finland, 
Norway, and Sweden). Europe-4 is France, western Germany, Italy, and the United 
Kingdom. (Source: Schipper L., Unander F., Marie-Lilliu C. ,2000) 
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The conclusion is that the economic activities are not useful for the 
model, because the economic activities are not a fixed part of the GDP of 
a country and as can be seen in figure 8 the activities use a different 
amount of energy. So the economic activities are not useful as measure 
for the need of energy for a country or city.  
 
The model has to be changed and the new model is a model with  the 
first building block ‘Demand of energy’ (see figure 9). 
Worldwide for every country the demand of energy can be found in 
publications e.g. see IEA, 2006. 
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                          Figure 9. New conceptual model 
 
That means that table 1 must be changed in the following table (see 
table 4). 
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Table 4. Building blocks of the changed conceptual model with their 
inputs and outputs 
 
Building block Input Output 
Demand of energy Coal, gas and oil in 
million tonnes of oil 
equivalent 
Coal, gas and oil in 
tonnes, m3 and liters 
Sources of air pollution Coal, gas and oil in 
tonnes, m3 and liters 
Contribution of coal, 
gas and oil in  tonnes, 
m3 and liters 
emissions Contribution of coal, 
gas and oil in  tonnes, 
m3 and liters 
Emissions of PM  
concentrations Emissions of PM  Concentrations of PM 
exposure Concentrations of PM Urban exposure 
impacts Urban exposure Morbidity, mortality and 
DALYs 
 
As an example the building block ‘Demand of energy’ for the 
Netherlands has been given in figure 10. 
 
 
In million tonnes of 
oil equivalent: 
Coal 8.84 
Oil 31.53 
Gas 35.99 
 
Input  Amounts can be found in 
IEA, 2006  
 
 
 
 
Building Conversion factors: 
1 ton coal equivalent  29.3 GJ 
1 ton oil equivalent  41.2 GJ 
gas energy density  36.45 MJ/m3
Factors from IEA, 2006 
For gas 36.45 MJ/m3 is 
the mean value of 34.6-
38.3 MJ/m3
Block 
Sources  
of air 
pollution  
 
 
Coal       12.4 million tonnes 
Oil       33.2 billion litres 
Gas       40.7 billion m3
1 litre of oil ≅ 
0.95 kg of oil  
Output 
 
 
 
Figure 10. The building block ‘Demand of energy’ for the Netherlands. 
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The energy use of the Netherlands for coal, oil and gas in the units million 
tonnes of oil equivalent has been found in IEA, 2006. 
 
 The amount of coal in tonnes can be calculated by multiplying the amount 
of million tonnes of oil equivalent with the energy content of 1 ton oil and 
than dividing by the energy content of 1 ton coal so: amount = 8.84 * 
1000000 * 41.2 / 29.3 = 12.4 million tonnes of coal. 
 
The amount of oil in litres can be calculated by dividing the amount of 
million tonnes of oil equivalent by the specific weight of oil so: amount = 
31.53 * 1000000 / 0.95 = 33.2 billion litres. 
 
The amount of gas in m3 can be calculated by multiplying the amount of 
million tonnes of oil equivalent with the energy content of 1 ton oil and 
than dividing by the energy content of 1 m3 so: amount = 35.99 * 
1000000 * 41.2 * 1000 / 36.45 = 40.7 billion m3. 
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C. The building block ‘Sources of air pollution’ 
 
Emission reduction 
 
It is possible to reduce emissions from burning fuels. Societies can use 
technical equipment to reduce the emissions of industry, traffic (e.g. 
exhaust pipe filters for cars) and households (efficient equipment for 
central heating). During the period 1990-2003 in the Netherlands the total 
reduction of PM10 was 48% (Buijsman et al., 2005). So for quantifying 
the emission using the combusting of fuels in the model a reduction factor 
can be used. For the developed countries this reduction factor will be the 
same as for the Netherlands about 50%. If for countries the factor is not 
known, there can be made an estimation depending on the degree of 
developing. 
 
Contribution of the fossil fuels to air pollution 
 
Energy supply is mainly determined by fossil fuel and renewable and 
waste sources. For all the members of the Organisation for Economic Co-
operation and Development (OECD-countries) together, about 85% of the 
supplied energy comes from fossil fuel and renewable and waste sources. 
The rest of the energy supply comes from nuclear, hydro, geothermal and 
solar sources (IEA, 2006). In the Netherlands the anthropogenic activities 
industry, traffic and households cause 80% of the total air pollution. 
Industry, traffic and households use energy and cause air pollution by 
burning fossil fuels, renewable fuels and waste. The remaining 20% 
anthropogenic pollution comes from trade, services, government, building 
industry and agriculture and are not related to the use of energy but is for 
almost 100% caused by processes like graining, wear of tires of vehicles, 
production of methane in the agriculture etc. (Buijsman et al., 2005).  
If there is no other percentage known it seems reasonable to fill in for the 
developed and the developing countries a percentage of 80% as the 
contribution of the fossil fuels to air pollution. 
For quantifying the total air pollution it is possible to calculate a fictitious 
amount of fossil fuels by dividing the contribution of the fossil fuels by a 
factor 0.8 (if the contribution is 80%). 
 
 
As an example see figure 11 for the Netherlands. 
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Coal       12,4 million tonnes 
Oil       33,2 billion litres 
Gas       40,7 billion m3
Reduction 48% 
Contribution to air pollution 80%
 
Input  
Reduction and 
contribution from 
Buijsman et al, 2005 
 
 
 
 
 
Building After reduction: 
Coal       6,4 million tonnes 
Oil     17,3 billion litres 
Gas     21,2 billion m3
 
Influence contribution: 
Coal       8,0 million tonnes 
Oil     21,6 billion litres 
Gas     26,5 billion m3
 
Block 
Sources 
of air 
pollution 
 
 
 
 
 
 
 
Fictitious amounts: 
Coal       8,0 million tonnes 
Oil     21,6 billion litres 
Gas     26,5 billion m3
 
 
Note: The result may differ from the result in the 
case studies because off round off
 
 
 
Output 
 
 
 
Figure 11. the building block ‘Sources of air pollution’ for the Netherlands 
 
The reduction has been calculated by multiplying the amount of coal with 
de factor (1 – 0.48) so amount = 12.4 * (1 – 0.48) = 6.4 million tonnes. 
The same calculation can be made for oil and gas. 
 
The influence of the contribution to the air pollution has been calculated 
by dividing by the factor 0.8 so for coal is the calculation 6.4 / 0.8 = 8.0 
million tonnes. The same calculation can be made for oil and gas. 
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D. The building block ‘Emissions’ 
 
If the demand of energy in the fictitious form of fuels is known, it is 
possible to quantify the emissions by combustion. In literature there are 
emission factors known for the fuels coal, oil and gas (NEPC, 1999). These 
emission factors are for major fuel and equipment types for both the 
industrial and commercial sectors. 
. 
The emission factors for PM10 are for: 
 Coal 4.4 kg/ton 
 Oil 3.21 kg/1000 l 
 Gas 120 kg/1000000 m3 
 
As an example how the emissions can be quantified for the Netherlands 
see figure 12. 
 
Fictitious amounts: 
Coal       8.0 million tonnes 
Oil     21.6 billion litres 
Gas     26.5 billion m3
 
Input  
 
 
 
 
 
Building 
Block 
Emissions 
 
Emission of PM10 =  107.7 million kg/year 
 
Note: The result may differ from the result in the 
case studies because off round off 
coal    4.4 kg/tonnes  
oil   3.21 kg/1000l 
gas   120 kg/1000000m3
 
Coal        35.2 million kg/year 
Oil        69.3 
Gas          3.2
Total      107.7 million kg/year 
 
Emission factors 
from NEPC, 1999 
of PM10 
 
 
 
 
 
 
 
 
Output 
 
 
 
 
Figure 12. The building block ‘Emissions’ for the Netherlands. 
 
In the previous building block ‘Sources of air pollution’ the fictitious 
amounts of coal, oil and gas has been determined. With these amounts 
the emission of PM10 can be calculated by using the emission factors for 
coal, oil and gas. For example for coal the emission PM10 is 8.0 * million 
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*4.4 = 35.2 million  kg/year. The same calculation can be made for oil 
and gas. All together the emission of PM10 is  107.7 million kg/year.  
 
E. The building block ‘Concentrations’ 
 
This building block quantifies the total concentration of PM10 consisting 
of the concentration caused by: 
1. emission  of combustion of fuels 
2. transboundary concentration 
3. background concentration 
The concentrations mentioned above are all yearly averages. In the 
model all the fuels in one year are taken to quantify the emission by 
combustion. The transboundary concentration and the background 
concentration are also the yearly average concentrations. 
 
1. Concentration caused by emission  of combustion of fuels 
 
If the emission is known the concentration can be quantified (Bijvoet et 
al. (1979), p. 192) 
The formula is as follows: 
χ = A*Q/u (1) 
with χ is the concentration PM10 (in μg/m3), Q is the emission of PM10 
(in g/m2s), A is constant and has a value of 75 for unstable circumstances 
and 115 for neutral circumstances and u is the yearly mean wind speed in 
m/s. Unstable circumstances occur when there is a lot of sunshine and no 
clouds (in that case the thermal up-current dilutes the air); neutral 
circumstances occur when there is no sunshine and cloudy weather. In 
this formula the wind speed is a very important factor. If e.g. the wind 
speed reduces to half of a wind speed observed earlier the concentration 
will be twice as much. The formula is valuated for cities with a diameter of 
5 km. In the model the formula is also used for cities bigger than 5 km. 
The formula has been developed by a mathematical model  and has been 
tested in reality (Bijvoet et al. (1979), p. 193). The question is,  can the 
formula been used for cities with a diameter smaller or larger than 5 km 
or even a country. In the chapter Discussion and Conclusion the formula 
will further be discussed. 
 
2. Transboundary concentration 
 
Countries do not only produce their own emissions. They also receive 
emissions from abroad. For the European countries the European 
Monitoring and Evaluation Programme (EMEP) Reports (NMI, 2005) from 
the Norwegian Meteorological Institute present the yearly mean 
concentration caused by the transboundary emissions for the European 
countries. These transboundary concentrations have been used in the 
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model for the European countries. If the transboundary concentrations 
are not known there can be made an estimation comparing with well 
known transboundary concentrations for other countries.  
 
3. Background concentration 
  
For calculating the health impacts the background concentration is 
needed. The background concentration is the level that would exist 
without any man-made (anthropogenic) pollution, which is approximately 
10 μg/m3 PM10 (Ostro B., 2004). The background concentration consists 
of sea salt, dust and water particles. In the model a value of 10 μg/m3 
PM10 has been taken, but  if for some situation a better value is known 
than that has to be taken. 
 
 
 
PM2.5/PM10 ratio 
 
The building block concentrations quantifies the concentration of PM2.5 
too. The concentration can be calculated with the PM2.5/PM10 ratio. 
If the concentration of PM10 has been calculated the concentration of 
PM2.5 can be calculated with the PM2.5/PM10 ratio. The best estimation 
of the PM2.5/PM10 ratio would come from a local study, as it would 
capture all the local conditions and sources of pollution. In the absence of 
a local measurement of the ratio, a value of 0.65 could be assumed for 
developed countries, and 0.5 for developing countries. For Europe, a 
mean of 0.73 has been reported and may be more adequate (Ostro B., 
2004). The ratio PM2.5/PM10 of 0.65 for the Netherlands are obtained 
from RIVM (2006) and has been used for the quantification for the Dutch 
cities in the case studies. 
 
As an example how the concentrations of PM2.5 and PM10 can be 
quantified for the Netherlands see figure 13. 
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 Emission of PM10        107.7 million  kg/year 
Transboundary  8.3 μg/m3
Background    10 μg/m3
Wind speed    3.3 m/s 
Parameter A   100 
Area of the country        35000 km2 
PM2.5/PM10 ratio          0.65 
Emission of PM10 = 
Transboundary 
concentration can be 
found in NMI, 2005. 
Average wind speed 
is available at the 
meteorological 
institute in the 
Netherlands (KNMI) 
Input  
 
 
 
 
 
 
 
Building 
Block 
Concen-       107.7*109/35000/106/365/24/3600 =  9.78 * 10-8 g/m2/s 
 
Concentration by emission = 100*9.78*10-8*106/3.3 = 3.0 μg/m3
Transboundary      8.3  
tration 
 
 Background               10.0  
 Total concentration of PM10            21.3 μg/m3
 
Concentration of PM2.5 = 0.65*21.3 = 13.8 μg/m3
Concentration of PM10  = 21.3 μg/m3
 
 
 
Output 
 
 
 
Concentration of PM2.5 = 13.8 μg/m3 
 
 
 
Figure 13. The building block ‘Concentration’ for the Netherlands. 
 
In the previous block the emission of PM10 has been quantified as 107.7 
million  kg/year. The Netherlands has a surface of 35000 km2, so the 
emission is 9.78 * 10-8 g/m2/s. Parameter A has been estimated as 100 
and herewith the concentration will be 3.0 μg/m3. Together with the 
transboundary and background concentration the total concentration of 
PM10 is 21.3 μg/m3. Using a PM2.5/PM10 ratio of 0.65 the concentration 
of PM2.5 is 13.8 μg/m3. These quantified concentrations have been 
quantified with the best known or estimated parameters. 
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F. The building block ‘Exposure’ 
 
In the study the exposure is outdoors. The exposure can be in rural or 
urban areas. In general the exposure in rural areas is less than in urban 
areas because there is less traffic and the density of the population is 
lower. For the whole country the exposure equalizes the concentration as 
quantified in the building block ‘concentrations’. For a city the 
concentration and so the exposure will be higher because of the higher 
density of the population. In the urban area the exposure can also be very 
different depending on the characteristics of the streets, the intensity of 
the traffic and the density of population per km2, but in this thesis a mean 
value of the concentration for the whole city will be calculated. If the 
concentration for a country has been calculated the concentration for a 
city can be found by multiplying the concentration of the country with the 
ratio of the population density of the city and the country. This seems 
reasonable because the density of traffic and households, probably of 
industry is higher. It could be possible that a city has some hotspots. In 
that case the quantified concentration will be to low and can be seen as a 
lower-bound solution. The exposure in the city equalizes the quantified 
concentration for the city. 
In figure 14 the exposure for the city of Amsterdam has been quantified. 
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 Concentration of PM10 due to emission for the       
Netherlands = 3.0 μg/m3Input  
  
Population density of the Netherlands = 463 per km2
Population density of  Amsterdam = 3348 per km2 
 
 
 
Building 
 
Concentration of PM10 for Amsterdam: 
Block 
Exposure  
 Emission  3.0 * 3348 / 463 = 21.7 μg/m3
transboundary    8.3 
background             10.0 
total concentration of PM10                    40.0 μg/m3
 
 
  
 concentration of PM2.5 = 0.65*40.0=26.0 μg/m3
Exposure for Amsterdam: 
PM10: 40.0 μg/m3
PM2.5: 26.0 μg/m3
 
 
 
 
 
 
Output 
  
Note: The result may differ from the result in the 
case studies because off round off  
 
 
Figure 14. The building block ‘Exposure’ for Amsterdam. 
 
Figure 14 starts with the concentration by the combustion of the fossil 
fuels  in the Netherlands. This concentration has been multiplied with the 
ratio of the population density of Amsterdam and the Netherlands which 
results in an emission of 21.7 μg/m3. Together with the transboundary 
and background concentration the total concentration of PM10 for 
Amsterdam is 40.0 μg/m3. Then this concentration has been multiplied 
with the PM2.5 and PM10 ratio and the result is the concentration of 
PM2.5 for Amsterdam of 26.0 μg/m3. The exposure for the city of 
Amsterdam equalizes the quantified concentrations. 
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G. The building block ‘Impacts’ 
 
There are various ways to describe and quantify the impacts of air 
pollution. The impacts are mortality, morbidity and the so-called Disability 
Adjusted Live Years (DALYs). To describe and quantify mortality Ostro B, 
2004 has been followed. For morbidity the impact functions of WHO, 
2005a have been used. In general the DALYs are difficult to quantify, 
because there is no sufficient information available about e.g. the duration 
of diseases. For the DALYs an estimation could only made for some 
diseases. In this thesis a description of the DALYs for the city of 
Amsterdam has been given. In the case-studies some quantification of the 
DALYs of the cities of Amsterdam and Arnhem has been given.  
 
The impact mortality 
 
A method to quantify the mortality for a city is mentioned in Ostro B, 
2004. The method gives the formulas for: 
 Adult mortality (cardiopulmonary and lung cancer) related to long-
term exposure 
 Respiratory mortality in infants and children related to short-term 
exposure 
 All-cause mortality associated with short-term exposure for the full 
population 
The formulas are only applicable for cities with a population of more 
than 100.000. 
This method has been used in the study. At first the Relative Risk (RR) 
to die due to exposure of PM must be calculated. The Relative Risk (RR) is 
the ratio of two absolute risks: the numerator is the absolute risk among 
those with the risk factor (exposure of PM), while the denominator is the 
absolute risk among those without the risk factor. The formulas for 
calculation the Relative Risk (RR) for mortality due to exposure of PM are 
mentioned in table 2 of Appendix 1. The RR can also been seen in the 
graphs of the figures 1 to 6 of appendix 1. 
 
Because of the sensitivity at different ages for mortality Ostro has 
divided the populations in the following groups: 
all ages, 
age < 5 years, 
age > 30 years. 
Ostro does not mention other groups such as elderly people or other 
vulnerable groups. For these groups no information has been found in 
literature. So in this thesis only the groups mentioned by Ostro have been 
considered.  
How the RR has to be calculated can be seen in the next box. For 
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mortality one example is enough because the other mortality calculations 
follow the same procedure. 
 
Example RR calculation for mortality due to lung cancer for 
age>30 years 
The formula for RR for mortality due to lung cancer and long-term 
exposure to PM2.5 (see table 2, app. 1) is: 
RR = ((X+1)/(X0+1))β  
X = current pollutant concentration (μg/m3) and Xo = target or 
threshold concentration of pollutants (μg/m3). 
For the current PM2.5 concentration X the PM10 concentration found 
in the emission quantifying has to be multiplied with the PM2.5/PM10 
ratio. 
For X0 in this model is taken the background concentration of 10 
μg/m3. 
β in the formula can be found in table 2 and has the value 0.23218. 
example: 
Suppose X = 32 μg/m3 (PM10 concentration) 
PM2.5/PM10 ratio = 0.73 
X0 = 10 μg/m3
β = 0.23218 
RR = ((0.73*32+1)/(10+1))^0.23218 = 1.2 
That means that humans exposed to an air pollution of 32*0.73 = 
23.4 μg/m3 PM2.5 have 20% more risk to die. 
 
The impact morbidity 
 
A method to quantify the morbidity for a city is mentioned in WHO, 
2005a. 
The formulas are summarized in table 5.  
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Table 5. Summary of impact functions for selected morbidity outcomes 
due to PM10 – PM2.5. Source: (WHO, 2005a). 
 
RADs : restricted activity days 
WLDs: work loss days with the formula WLDs = 0.46% * WLD per 
employer per 10 μg/m3 (WHO, 2005a, subsection 10.2.3. 
MRADs: minor restricted activity days 
LRS: lower respiratory symptoms 
 
 
The table shows the following age-classes: 
> 27 years 
6-7 and 13-14 years 
> 15 years 
15-64 years 
18-64 years 
5-14 years 
 
As can be seen in the table the impact functions have a big spreading, 
but using the functions it is possible to get figures about the dimensions of 
the impact due to air pollution. 
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The impact DALY  
 
Although for quantifying DALYs less data are available a quantification 
has been carried out in the case studies for the cities of Amsterdam and 
Arnhem. 
According (Prüss-Üstün A et al, 2003) the definition and quantifying of 
the DALY is as follows: 
The Disability Adjusted Live Year (DALY) is the addition of the time lived 
with disability and the time lost due to premature mortality: 
DALY = YLL + YLD 
YLL = years of life lost due to the premature mortality 
YLD = years lived with disability 
The YLL corresponds to the number of deaths multiplied by the standard 
life expectancy at the age which death occurs. 
YLL = N * L 
N = number of death 
L = standard life expectancy at age of death in years 
 The YLD for a population is the number of disability cases multiplied by 
the average duration of the disease and a weight factor that represents 
the severity of the disease on a scale from 0 (perfect health) to 1 (dead). 
YLD = I * DW * L 
I = number of incidence cases 
DW = disability weight (RIVM, 2003) 
L = average duration of disability in years 
The big problem in quantifying the DALYs is L (average duration of 
disability in years). For an estimation of the DALYs it is possible to 
quantify the DALYs for new cases of a disease by summation the mean 
value of the YLL and the YLD.  
 
The building block ‘Impacts’ will be divided in the three building blocks: 
one for mortality, one for morbidity and one for DALYs. In figures 15, 16 
and 17 an example of the city of Amsterdam is shown.  
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Calculation according table 2 appendix 1 
All cause: RR = exp(0.0008(40-10)) = 1.024 
Mortality all ages: (1.024-1.0)/1.024*9015 = 212 
 
Respiratory: RR = exp(0.00166(40-10) = 1.051 
Mortality < 5 years: (1.051-1.0)/1.051*45 = 2 
 
Cardiopulmonary: RR = ((26.5+1)/(10*0.65+1))0.15515 = 1.219 
Mortality > 30 years: (1.219-1.0)/1.219*8875 = 1592 
 
Lung cancer: RR = ((26.5+1)/(10*0.65+1))0.23218 = 1.344 
Mortality > 30 years: (1.344-1.0)/1.344*8875 = 2273 
 
Concentration for Amsterdam: 
PM10: 40.0 μg/m3
PM2.5: 26.5 μg/m3
Total mortality (not only due to PM): 
All ages  9015 
< 5 years old  45 
> 30 years old 8875 
 
Input  
 
 
 
 
 
 
 
 
 
 
 
Building 
Block 
Impact  
mortality 
 
 
 
 
 
 
 
 
Mortality due to PM10: 
All cause and short term: 212 all ages 
Respiratory and short term: 2 age < 5 years 
Mortality due to PM2.5:  
Cardiopulmonary and long term: 1592 age > 30 years 
Lung cancer and long term: 2273 age > 30 years 
 
 
Output 
 
 
 
 
 
 
 
Figure 15. The building block ‘Impacts’ on mortality for Amsterdam. 
 
The total input for the impact mortality consists of the concentrations of 
PM2.5 and PM10 and the total mortality for Amsterdam for different ages. 
With the concentration of PM10 the RR of all cause, respiratory, 
caldiopulmonary and lung cancer can be calculated. Then the mortality 
can be calculated with the formula:  
Mortality = (RR - 1) / RR * T in which T = the total mortality for 
different ages. 
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Input  
Concentration for Amsterdam: 
PM10: 39.7 μg/m3
PM2.5: 25.8 μg/m3
Population of Amsterdam: 
Age 
=>27    228649 
6-7 and 13-14  28637 
=>15    119544 
15-64 528708 
15-17    20628 
18-64    508080 
5-14 73075 
employment rate  50.1% 
work loss days 
per employer  14.2 
 
 
 
 
 
 
 
 
 
 
 
 
building 
block 
impact 
morbidity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For output see next page 
 
 
 
Increment PM10: 39.7-10.0 = 29.7 μg/m3
Increment PM2.5: 25.8-0.65*10 = 19.3 μg/m3
Calculation according table 5 
Chronic bronchitis, adults =>27: 26.5*228649/100000*29.7/10= 180 
Asthma (medication use), children 6-7 and 13-14: 
180*28637/1000*29.7/10 = 15309 
Asthma (medication use), adults =>15: 912*119544/1000*29.7/10 = 323802 
Restricted activity days: 902*528708/1000*19.3/10 = 920407 
Work loss days: .0046*14.2*30/10 = 0 
Minor restricted activity days: 577*508080/1000*19.3/10 = 565803 
Lower respiratory sympt., children: 1.86*73075*29.7/10 = 403681 
Lower respiratory sympt., adults: 1.3*119544*29.7/10 = 461559 
 
Note: The results may differ from the results in the case studies because off round off 
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Output 
 
 
Chronic bronchitis, adults =>27: 180 new cases per year 
 
Asthma (medication use), children 6-7 and 13-14: 15309 annual  
increase in days of bronchodilator usage  
 
Asthma (medication use), adults =>15: 323802 annual  
increase in days of bronchodilator usage  
 
Restricted activity days (RADs): 920407 adults 15-64 
Work loss days (WLDs): 0  
 
Minor restricted activity days: 565803 adults 18-64 
 
Lower respiratory sympt., children: 403681 extra symptom days, children 5-
14 
 
Lower respiratory sympt., adults: 461559 extra symptom days, adults =>15 
 
 
 
Note: The results may differ from the results in the case studies because off round off 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16. The building block ‘impacts’ on morbidity for Amsterdam. 
 
For the  impact morbidity is the following input needed: 
 
 Concentration of PM2.5 and PM10 
 Population age groups 
 employment rate 
 work loss days per employer 
 
With this input and the target concentration PM10 of 10 μg/m3 and the 
target concentration PM2.5 of 0.65 * 10 = 6.5 μg/m3 the increment of the 
concentration can be calculated. For the target concentration the 
background concentration has been used. The target concentration can be 
every value, but it has no use to take a value lower than the background 
value. 
 
Then using table 5 all the diseases mentioned in the table can be 
calculated and the results are the output of the building block.
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Input  Mortality by PM10: 
All cause and short term: 212 all ages 
Mortality by PM2.5:  
Cardiopulmonary and long term: 1592 age > 30 years 
Lung cancer and long term: 2273 age > 30 years 
 
Life expectancy 80 years 
YLD/YLL 18% (calculated with figures of the WHO for the 
region Europe) 
 
total deaths   
(see Statline)   
age mean  perc.
0-5 2,5 45 0,5
5-10 7,5 10 0,1
10-15 12,5 15 0,2
15-20 17,5 20 0,2
20-25 22,5 20 0,2
25-30 27,5 30 0,3
30-35 32,5 60 0,7
35-40 37,5 90 1,0
40-45 42,5 155 1,7
45-50 47,5 210 2,3
50-55 52,5 305 3,4
55-60 57,5 380 4,2
60-65 62,5 430 4,8
65-70 67,5 590 6,5
70-75 72,5 845 9,4
75-80 77,5 1245 13,8
80-85 82,5 1585 17,6
85-90 87,5 1485 16,5
90-95 92,5 1040 11,5
>95  455 5,0
total  9015 100,0
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building 
block 
impact 
DALYs 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DALYs       
       
DALYs due to mortality      
 short term all ages Cardiopulmonary        lungcancer > 30 years
   > 30 years   
age deaths YLL deaths YLL deaths YLL
0-5 1 82 0 0 0 0
5-10 0 17 0 0 0 0
10-15 0 24 0 0 0 0
15-20 0 29 0 0 0 0
20-25 0 27 0 0 0 0
25-30 1 37 5 282 8 402
30-35 1 67 11 510 15 727
35-40 2 90 16 684 23 976
40-45 4 137 28 1039 40 1484
45-50 5 160 38 1220 54 1742
50-55 7 197 55 1500 78 2141
55-60 9 201 68 1529 97 2182
60-65 10 177 77 1345 110 1921
65-70 14 173 105 1319 151 1882
70-75 20 149 151 1133 216 1618
75-80 29 73 223 556 318 794
80-85 37 0 283 0 405 0
85-90 35 0 265 0 379 0
90-95 24 0 186 0 265 0
>95 11 0 81 0 116 0
 212 1640 1592 11116 2273 15870
      
 total YLL  28626   
 
 
 
 
 
 
 
 
 total YLD  5153
 (YDL/YLL 
* total 
YLL)   
 total DALYs  33778years   
 
Explanation: 
- life expectancy = 80 years 
- YLD/YLL = 18% (calculated with figures of the WHO for the region 
Europe) 
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Building block impact DALYs for chronic bronchitis and asthma 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Estimated DALYs by mortality for chronic bronchitis and asthma   
   incidency duration weight DALYs 
      or prev. in years    
chronic bronchitis  180 53 0,04 382years 
adults >27       
asthma (medication  10802 0,082 0,08 36years 
use) >15    total DALYs 417years 
        
 DALYs by mortality and morbiditeit
 
For output see next page 
 
 
    
 (for short term all ages, cardiopulmonary,    
 lungcancer, chronic bronchitis and     
 asthma)       
 mortality  33778years    
 morbidity  417years    
 total  34196years    
 
Explanation: 
- Only for chronic bronchitis and asthma some estimation is possible. The influence 
is small 
- Duration in years for chronic bronchitis = life expectancy – 27 
- Duration for asthma = 30 days (estimation) 
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DALYs caused by short term exposure (all-cause) and long term 
exposure (cardiopulmonary and lungcancer) in total 33778 years. output 
  
DALYs caused by mortality for chronic bronchitis and asthma (as an 
estimation) 417 years. 
 
 
 
 
 
 
Figure 17. The building block ‘impacts’ on DALYs for Amsterdam 
 
The input  consists of the mortality for Amsterdam, the life expectancy 
(for Amsterdam an average of 80 years has been chosen) and the ratio of 
YLD/YLL. This ratio comes from the WHO for the region Europe and has 
been chosen because there is no information available for the duration of 
the diseases. The total death table has been generated using the 
information of the death per age group. 
 
Using the input data the total deaths due to short term all ages, 
cardiopulmonary and lungcancer can be spread over the age groups and 
the YLL per age group can be calculated. The result is a total for YLL of 
28626 years. The total for YLD can be find by multiplying the total YLL 
with the ratio YDL/YLL. All together the DALYs are 33778 years. An other  
estimation has been made for the diseases  chronic bronchitis (adults 
>27) and asthma (medication use) >15. All together for all the mentioned 
diseases the DALYs are 34196 years. 
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Case-studies 
 
For the cities of Amsterdam, Arnhem, Delhi, London, Rome and Mexico 
City case studies have been carried out (see Appendix 2 till 8).  
The quantification follows out of a calculation in spreadsheet. 
The whole spreadsheet is in colour. The yellow cellblocks are the building 
blocks. The first block is the building block Demand of energy and the last 
block is the building block Impacts. The green blocks are the blocks with 
the data needed for calculation. The blue cells have to be filled in by the 
user of the model. 
 
As can be seen in the results of the case-studies not the whole calculation 
could be carried out because of lack of information. 
For the cities outside the Netherlands not always all the data are known.  
For the cities of Amsterdam and Arhem the whole calculation in 
spreadsheet could be carried out. 
For the cities outside the Netherlands it was not possible to get 
demographic information to calculate morbidity and the DALYs. 
 
The end results of the case-studies are given in table 6. 
 
 
Table 6. End results of the case-studies 
 
 Conc. of 
 PM10 in 
 μg/m3
Conc. of 
 PM2.5 in 
 μg/m3
Total 
Mortality 
in deaths 
 
Chronic 
bronch. 
new cases 
per year 
DALYs in 
Years 
Amsterdam 39.7 25.8 3876 180 34196 
Arnhem 27.2 17.7 431 42 3922 
Delhi 318 207 2014778 - - 
London 44.8 29.1 68577 - - 
Rome  38.5 28.1 22715 - - 
Mexico city 55 27 58900 - - 
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Comparing the quantified mortality of the city of Amsterdam with the 
mortality of the Netherlands in the literature gives the following results: 
 
For the city of Amsterdam the model quantifies the mortality due to a 
concentration of PM10 as 3876 deaths. 
Buijsman et al. (2005) has estimated the mortality due to a concentration 
of 35μg/m3 of PM in the Netherlands  between 12000 and 24000 deaths 
with a mean value of 18000 deaths. The city of Amsterdam has about 
1/16th of the population of the Netherlands. So according Buijsman et al. 
the city  of Amsterdam would have as a mean value 1800/16 = 1125 
death. The city of Arnhem has about  140000 citizen. So according 
Buijsman et al. the mortality would be 14/1600*18000 = 158. 
 
 
Comparing the quantified PM10 and the locally measured PM10 gives the 
following results: 
 
 Calculated PM 
concentration in μg/m3
Measured in μg/m3
Amsterdam 39.7 32 (2003, council of 
Amsterdam) 
Arnhem 27.2 25-30 (RIVM, 2006) 
Delhi 318 190 (HEI 2004) and 
230-350 (see 
Appendix 5) 
London 44.8 20-60 (The London air 
quality Network) 
Rome  38.5 42 (WHO 2005a) 
Mexico city 55 53 (Worldbank) 
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4 Discussion and conclusion 
In the introduction the following questions are mentioned: 
1. Does a relationship exist between economic activities, demand of 
energy, air pollution and health? 
2. If there is such a relationship is it  quantifiable? 
 
The questions has been followed by the hypothesis ‘There is a 
quantifiable relationship between economic activities, demand of energy, 
air pollution and health. 
 
The result of the study is, that the answer on question 1 is that 
worldwide more economic activities cause more demand of energy (see 
chapter 3 under B.). So worldwide there will be more air pollution with 
impacts on health. For just one country or city there is no relationship 
between economic activities and air pollution (see chapter 3 under B.). 
Therefore the conceptual model of figure 2 has to be changed in the 
model of figure 9 without the building block ‘Economic activities’. 
The answer on question 2 is, that with the model of figure 9 there exists 
a relationship and it is quantifiable. 
The conclusion is that the hypothesis is correct for the world as a whole 
but for single countries it could not be proven . For a single country there 
is no relationship between the building blocks ‘Economic activities’ and 
‘Demand of energy’. Starting the model with the building block ‘Demand  
use of energy’ there is a relationship.  
The study of the model figure 9 has resulted in a model with logical 
connections between the building blocks. Starting with the demand of 
energy for a country the mean concentrations of PM2.5 and PM10 for a 
country and city can be quantified. Out of the concentrations follow the 
impacts mortality, morbidity and the DALYs for a city. 
Discussion of the results of the quantification using the model 
Mortality 
Comparing the mortality of the cities of Amsterdam and Arnhem with 
the mortality of the Netherlands as estimated by Buijsman et al. (2005) 
the model quantifies the mortality higher. But the quantification of 
Buijsman et al. is a mean value of the mortality of the Netherlands. For a 
city the mortality will always be higher because the circumstances are 
worse. Buijsman remarks that his quantification must be seen as a global 
indication and reliable data for Europe and the Netherlands are not 
available. 
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Morbidity 
The model quantifies the morbidity for a city. The quantifications found 
with the model could not be compared with quantifications found in the 
literature. As Buijsman remarks there is less research of the subject. 
DALYs 
For the quantification of the DALYs the same problem as for morbidity 
occurs.  
Concentration of PM10 
In the chapter results (under case-studies) the quantified PM10 for the 
cities and the locally measured PM10 have been compared. The values are 
all mean values. The calculated figures are in the same range as the 
measured figures. 
 
Discussion of the parameters of the model 
 
Reduction of the emission 
Due to process adaptation and filtering in the Netherlands the filtering 
reduction of the emission is 48% (Buijsman et al. ,2005) . The reduction 
is a matter of progress in technology and regulations. The reduction for 
other countries could not been found in literature, so there must be made 
an estimation for those countries. The influence of the reduction is high if 
the anthropogenic emission is high in comparison with the transboundary 
and background concentration. For example for the Amsterdam the 
influence is small for  Delhi the influence is high (see appendix 2 and 6). 
 
Contribution to air pollution 
The contribution from the fossil fuels to air pollution for the Netherlands 
is in the model 80% (see appendix 2. This figure comes from Buijsman et 
al. (2005). If there is no figure known for other countries an estimation is 
necessary. For the developed countries the influence of the percentage is 
small. For developing countries the influence can be high. See e.g. 
appendix 2 and 6 for Amsterdam and Delhi. 
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Wind speed 
The wind speed in the model is a yearly mean value and can be obtained 
from meteorological stations. The concentration of air pollution due to the 
combustion of fossil fuels is reciprocal with the wind speed. If the wind 
speed is half the concentration is twice. But for the different countries the 
wind speed is rather constant for the different years. Formula 1 used for 
the model can be applied to cities with a diameter of 5 km. Assumed is 
that this formula is also useful for smaller and larger cities and countries. 
More study is needed for cities with other dimensions than a diameter of 5 
km and countries.  
 
Parameter A 
This parameter has to be estimated. For tropical countries A will be 
small for e.g. the north of Europe A will be high. 
 
Ratio of population density of city and country 
The air pollution will always be more in the city than in the country. In 
the model the ratio is the only approach to quantify air pollution in the 
city. For a city with a lot of industry the quantification will be a  lower 
bound solution. If a city has no industry the quantification will be a upper 
bound solution.    
 
The general conclusion of the study described in this thesis is that the 
model predicts health impacts by quantifying the demand of energy of a 
country. The total validation of the model is not possible because many 
data of the impacts on health are not available. The value of the model is 
that it can be used by policy makers for a first approach of the impact of 
the combustion of fossil fuels on health in their city.  
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Appendix 1 
 
Table 1. GDP and PPP per capita and TPS for a selection of countries 
Source: Energy Balances of OECD Countries [4] 
 
country GDP per  
Capita in 
Us-dollar 
PPP per 
capita in 
US-dollar 
TPES in million 
tonnes of oil 
equivalent 
Australia 22282 29264 112,91 
Austria 24643 29239 33,03 
Belgium 23153 27273 59,20 
Canada 24141 29057 262,60 
Czech Rep. 5873 15765 44,22 
Denmark 30241 29048 20,69 
Finland 24472 27140 37,68 
France 22510 26490 271,14 
Germany 23283 25756 347,11 
Greece 11706 18319 29,89 
Hungary 5202 13657 26,34 
Iceland 31034 29276 3,39 
Ireland 28371 32263 15,07 
Italy 18961 25455 181,26 
Japan 37637 26185 516,11 
Korea 12245 18387 206,30 
Luxembourg 46667 51222 4,26 
Mexico 5778 8926 159,97 
Netherlands 24155 28334 80,94 
New Zealand 14629 22267 17,28 
Norway 38359 37440 27,15 
Poland 4636 11064 91,44 
Portugal 10297 17168 25,78 
Slovak rep. 4275 12247 18,63 
Spain 15137 22119 136,06 
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Table 2. Recommended health outcomes and risk functions 
Source: Outdoor air pollution: Assessing the environmental burden of 
disease at national and local levels (Ostro B., 2004). 
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Figure 1 Relative risks for short-term mortality and OAP for all ages Based 
on a background concentration of 10 μg/m3 PM10 
Source: Outdoor air pollution: Assessing the environmental burden of 
disease at national and local levels (Ostro B., 2004). 
 
 
Figure 2 Relative risks for short-term mortality and OAP in children 0-4 
years 
Based on a background concentration of μg/m3 PM10 
Source: Outdoor air pollution: Assessing the environmental burden of 
disease at national and local levels (Ostro B., 2004). 
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Figure 3 Recommended relative risks for cardiopulmonary mortality and 
OAP in adults > 30 years, with PM2.5:PM10 ratio of 0.5 (default for 
developing countries) 
Based on a background concentration of 5 μg/m3 PM2.5 
Source: Outdoor air pollution: Assessing the environmental burden of 
disease at national and local levels (Ostro B., 2004). 
 
 
 
Figure 4 Recommended relative risks for cardiopulmonary mortality and 
OAP in adults > 30 years, with PM2.5:PM10 ratio of 0.65 (default for 
developing countries) 
Based on a background concentration of 5 μg/m3 PM2.5 
Source: Outdoor air pollution: Assessing the environmental burden of 
disease at national and local levels (Ostro B., 2004). 
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Figure 5 Recommended relative risks for lung cancer related mortality and 
OAP in adults > 30 years, with PM2.5:PM10 ratio of 0.5 (default for 
developing countries) 
Based on a background concentration of 5 μg/m3 PM2.5 
Source: Outdoor air pollution: Assessing the environmental burden of 
disease at national and local levels (Ostro B., 2004). 
 
Figure 6 Recommended relative risks for lung cancer related mortality and 
OAP in adults > 30 years, with PM2.5:PM10 ratio of 0.65 (default for 
developing countries) 
Based on a background concentration of 5 μg/m3 PM2.5.  
Source: Outdoor air pollution: Assessing the environmental burden of 
disease at national and local levels (Ostro B., 2004). 
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Appendix 2 case-study for the city of Amsterdam 
 
Appendix 3 case-study for the city of Arnhem 
 
Appendix 4 case-study for the city of London 
 
Appendix 5 case-study for the city of Rome 
 
Appendix 6 case-study for  the city of Delhi 
 
Appendix 7 case-study for Mexico City 
 
 
Note: for the appendices see attachment 
 
 55
APPENDIX 2 CASE-STUDY FOR THE CITY OF AMSTERDAM
Model to calculate the concentration of PM2,5 and PM10 model in spreadsheed for Amsterdam version: 4
with the impacts mortality and morbidity for a country or city
Name country or city: Amsterdam Note: All the blue areas have to be filled in
Year: 2003
building block demand of energy demand of energy for the whole country
(for the whole country) in million tonnes of oil equivalent per year
coal 12426325 tonnes coal 8,84
oil 33189473684 liters oil 31,53
gas 40667021454 m3 gas 35,99
conversionfactors
building block sources of air pollution (fictitious amounts)
coal 8077111 tonnes 1 ton coal equivalent 29,3 GJ
oil 21573157895 liters 1 ton oil equivalent 41,2 GJ
gas 26433563945 m3 gas energy density 34,6-38,3 MJ/m3 mean: 36,45 MJ/m3
reduction 48 %
building block emissions share of air polution 80 %
in kg per year
coal 35539288 emissionfactors for fuel combustion (particulate matter <= 10 microm)
oil 69202376
gas 3172028 coal 4,4 kg/tonnes
total 107913692 oil 3,21 kg/1000l
gas 120 kg/1000000m3
page 1
amounts can be found 
in IEA, 2006
calculation by using the 
conversionfactors
calculation by using  
reduction of and 
contribution to air 
pollution
factors from
NEPC,1999,
page 16 and 17
factors from
in IEA, 2006
or other known percentage
calculation by using the 
emissionfactors
model in spreadsheed for Amsterdam version: 4
building block concentration
for the whole country
area of the country 35000 km2
net total 3,0 microg/m3 wind speed 3,3 m/s
transboundary 8,3 microg/m3 parameter A 100
background 10 microg/m3 transboundary 8,3 microg/m3
concentration of PM10 21,3 microg/m3 background 10 microg/m3
concentration of PM2,5 13,8 microg/m3 PM2,5/PM10 0,65
Building block exposure
for the city population density of country 463
exposed to concentration PM10 39,7 microg/m3 population density of city 3348
exposed to concentration PM2,5 25,8 microg/m3
targetconc. PM10 10 microg/m3
targetconc. PM2,5 6,5 microg/m3
Calculation of RR (relative risk):
Building block impacts short term exposure:
MORTALITY all-cause 1,02 all ages
all-cause short term 212 all ages respiratory 1,05 age < 5 years
respiratory short term 2 age < 5 years long term exposure:
cardiopulmonary long t. 1592 age > 30 years cardiopulmonary 1,22 age > 30 years
lungcancer long term 2273 age > 30 years lungcancer 1,34 age > 30 years
Total mortality (not only by PM)
all ages 9015
< 5 45
> 30 8875
page 2
mean values per 
year
calculation by using 
Bijvoet et al, 1979, 
p. 192 and 
reductionfactor
parameter A is 75 
for sunshine and 
115 for clouds
transboundary from NMI, 
2005 and background 
from Otro, 2004
PM2,5/PM10 ratio:
developed countries: 0,65
developing countries: 0,5
calculation of the RR with the 
formula of table 1 of Ostro, 
2004 or see appendix 1 table 
2
these figures have to be found in the 
statistics of the country or city
model in spreadsheed for Amsterdam version: 4
MORBIDITY
concentration of PM10 39,7 microg/m3
increment PM10 29,7 microg/m3
increment PM2,5 19,3 microg/m3
Population (see Statline)
Chronic bronchitis, adults =>27 180 new cases per year age population
Asthma (medication use), children 15322 annual increase in days of bronchodilator =>27 228649
6-7 and 13-14 usage 6-7 and 13-14 28637
Asthma (medication use), adults 324059 annual increase in days of bronchodilator =>15 119544
=>15 usage 15-64 528708
restricted activity days (RADs) 921377 adults 15-64 15-17 20628
work loss days (WLDs) 0 18-64 508080
minor restricted activity days 566399,2 adults 18-64 5-14 73075
lower respiratory sympt., children 404002 extra symptom days, children 5-14 employment rate 50,1 % 
lower respiratory sympt., adults 461926 extra symptom days, adults =>15 work loss days per employer 14,2
page 3
increment is concentration 
minus background 
concentration
calculation with table 5
model in spreadsheed for Amsterdam version: 4
DALYs life expectancy 80 years
YLD/YLL 18 %
DALYs by mortality
short term all ages cardiopulmonary lungcancer > 30 years
> 30 years
age deaths YLL deaths YLL deaths YLL
0-5 1 82 0 0 0 0
5-10 0 17 0 0 0 0
10-15 0 24 0 0 0 0
15-20 0 29 0 0 0 0 total deaths
20-25 0 27 0 0 0 0 (see Statline)
25-30 1 37 5 282 8 402 age mean perc.
30-35 1 67 11 510 15 727 0-5 2,5 45 0,5
35-40 2 90 16 684 23 976 5-10 7,5 10 0,1
40-45 4 137 28 1039 40 1484 10-15 12,5 15 0,2
45-50 5 160 38 1220 54 1742 15-20 17,5 20 0,2
50-55 7 197 55 1500 78 2141 20-25 22,5 20 0,2
55-60 9 201 68 1529 97 2182 25-30 27,5 30 0,3
60-65 10 177 77 1345 110 1921 30-35 32,5 60 0,7
65-70 14 173 105 1319 151 1882 35-40 37,5 90 1,0
70-75 20 149 151 1133 216 1618 40-45 42,5 155 1,7
75-80 29 73 223 556 318 794 45-50 47,5 210 2,3
80-85 37 0 283 0 405 0 50-55 52,5 305 3,4
85-90 35 0 265 0 379 0 55-60 57,5 380 4,2
90-95 24 0 186 0 265 0 60-65 62,5 430 4,8
>95 11 0 81 0 116 0 65-70 67,5 590 6,5
212 1640 1592 11116 2273 15870 70-75 72,5 845 9,4
75-80 77,5 1245 13,8
total YLL 28626 80-85 82,5 1585 17,6
total YLD 5153 85-90 87,5 1485 16,5
total DALYs 33778 years 90-95 92,5 1040 11,5
>95 455 5,0
total 9015 100,0
98,8 page 4
calculated with figures of the 
WHO for the region Europe
YLD = Years Lived with 
Disability
YLL = Years of Live 
Lost
= YDL/YLL * total YLL
model in spreadsheed for Amsterdam version: 4
Estimated DALYs by mortality for chronic bronchitis and asthma
incidency duration weight (a) DALYs
or prev. in years
chronic bronchitis 180 53 0,04 382 years
adults >27
asthma (medication 10802 0,082 0,08 36 years
use) >15 total DALYs 417 years
DALYs by mortality and morbiditeit
(for short term all ages, cardiopulmonary,
lungcancer, chronic bronchitis and 
asthma)
mortality 33778 years
morbidity 417 years
total 34196 years
page 5
duration = life expectancy - 27
estimated duration of 
30 days
30 days
Only for chronic bronchitis and asthma 
some estimation is possible. The 
influence is small.
APPENDIX 3 CASE-STUDY FOR THE CITY OF ARNHEM
Model to calculate the concentration of PM2,5 and PM10 model in spreadsheed for Arnhem version: 3
with the impacts mortality and morbidity for a country or city
Name country or city: Arnhem Note: All the blue areas have to be filled in
Year: 2003
building block demand of energy demand of energy for the whole country
(for the whole country) in million tonnes of oil equivalent per year
coal 12426325 tonnes coal 8,84
oil 33189473684 liters oil 31,53
gas 40667021454 m3 gas 35,99
conversionfactors
1 ton coal equivalent 29,3 GJ
1 ton oil equivalent 41,2 GJ
building block emissions gas energy density 34,6-38,3 MJ/m3 mean: 36,45 MJ/m3
in kg per year
coal 35539288
oil 69202376
gas 3172028
total 107913692
emissionfactors for fuel combustion (particulate matter <= 10 microm)
coal 4,4 kg/tonnes
oil 3,21 kg/1000l
gas 120 kg/1000000m3
reduction 48 %
share of air polution 80 %
page 1
amounts can be found 
in IEA, 2006
calculation by using the 
conversionfactors
calculation by using the
emissionfactors and 
reduction and share 
percentages
factors from
NEPC,1999,
page 16 and 17
factors from
in IEA, 2006
or other known percentage
model in spreadsheed for Arnhem version: 3
building block concentrations
for the whole country
area of the country 35000 km2
wind speed 3,3 m/s
net total 3,0 microg/m3 parameter A 100
transboundary 8,3 microg/m3 transboundary 8,3 microg/m3
background 10 microg/m3 background 10 microg/m3
total 21,3 microg/m3
Calculation for country or city city
population density of country 463
Building block exposure population density of city 1388
for country or city
exposed to concentration PM10 27,2 microg/m3 PM2,5/PM10 0,65
exposed to concentration PM2,5 17,7 microg/m3
targetconc. PM10 10 microg/m3
targetconc. PM2,5 6,5 microg/m3
Calculation of RR (relative risk):
Building block impacts short term exposure:
MORTALITY all-cause 1,01 all ages
all-cause 19 all ages respiratory 1,03 age < 5 years
respiratory 0 age < 5 years long term exposure:
cardiopulmonary 176 age > 30 years cardiopulmonary 1,15 age > 30 years
lungcancer 255 age > 30 years lungcancer 1,24 age > 30 years
Total mortality (not only by PM)
all ages 1371
< 5 15
> 30 1336
page 2
country or city
population densities for 
country and city or just 
for country 
mean values per 
year
calculation by using 
Bijvoet et al, 1979, 
p. 192 and 
reductionfactor
parameter A is 
75 for sunshine 
and 115 for 
cloudstransboundary from NMI, 
2005 and background 
from Otro, 2004
PM2,5/PM10 ratio:
developed countries: 0,65
developing countries: 0,5
calculation of the RR with the 
formula of table 1 of Ostro, 
2004 or see appendix 1 table 
2
these figures have to be found in the 
statistics of the country or city
model in spreadsheed for Arnhem version: 3
MORBIDITY
concentration of PM10 27,2 microg/m3
increment PM10 17,2 microg/m3
increment PM2,5 11,2 microg/m3
Population (see Statline)
Chronic bronchitis, adults =>27 42 new cases per year age population
Asthma (medication use), children 1810 annual increase in days of bronchodilator =>27 92106
6-7 and 13-14 usage 6-7 and 13-14 5853
Asthma (medication use), adults 183021 annual increase in days of bronchodilator =>15 116799
=>15 usage 15-64 107480
restricted activity days (RADs) 108271 adults 15-64 15-17 4284
work loss days (WLDs) 0 18-64 101643
minor restricted activity days 65498,74 adults 18-64 5-14 14873
lower respiratory sympt., children 47531 extra symptom days, children 5-14 employment rate 50,1 % 
lower respiratory sympt., adults 260885 extra symptom days, adults =>15 work loss days per employer 14,6
page 3
increment is concentration 
minus background 
concentration
calculation with table 5
model in spreadsheed for Arnhem version: 3
DALYs life expectancy 80 years
YLD/YLL 18 %
DALYs by mortality
short term all ages cardiopulmonary lungcancer > 30 years
> 30 years
age deaths YLL deaths YLL deaths YLL
0-5 0 16 0 0 0 0
5-10 0 0 0 0 0 0
10-15 0 5 0 0 0 0
15-20 0 4 0 0 0 0 total deaths
20-25 0 4 0 0 0 0 (see Statline)
25-30 0 4 1 35 1 50 age mean perc.
30-35 0 7 1 63 2 91 0-5 2,5 15 1,1
35-40 0 9 2 84 3 122 5-10 7,5 0 0,0
40-45 0 13 3 124 5 179 10-15 12,5 5 0,4
45-50 0 11 3 107 5 155 15-20 17,5 5 0,4
50-55 1 19 7 182 10 263 20-25 22,5 5 0,4
55-60 1 17 7 163 11 236 25-30 27,5 5 0,4
60-65 1 14 8 139 11 201 30-35 32,5 10 0,7
65-70 1 16 13 157 18 227 35-40 37,5 15 1,1
70-75 2 15 19 144 28 208 40-45 42,5 25 1,8
75-80 2 6 24 59 34 86 45-50 47,5 25 1,8
80-85 3 0 33 0 48 0 50-55 52,5 50 3,7
85-90 3 0 28 0 41 0 55-60 57,5 55 4,0
90-95 2 0 20 0 29 0 60-65 62,5 60 4,4
>95 1 0 7 0 11 0 65-70 67,5 95 7,0
19 159 176 1256 255 1816 70-75 72,5 145 10,6
75-80 77,5 180 13,2
total YLL 3232 80-85 82,5 250 18,3
total YLD 582 85-90 87,5 215 15,8
total DALYs 3813 years 90-95 92,5 150 11,0
>95 55 4,0
total 1365 100,0
97,8 page 4
calculated with figures of the 
WHO for the region Europe
YLD = Years Lived with 
Disability
YLL = Years of Live 
Lost
= YDL/YLL * total YLL
model in spreadsheed for Arnhem version: 3
Estimated DALYs by mortality for chronic bronchitis and asthma
incidency duration weight (a) DALYs
or prev. in years
chronic bronchitis 42 53 0,04 89 years
adults >27
asthma (medication 6101 0,082 0,08 20 years
use) >15 total DALYs 109 years
DALYs by mortality and morbiditeit
(for short term all ages, cardiopulmonary,
lungcancer, chronic bronchitis and 
asthma)
mortality 3813 years
morbidity 109 years
total 3922 years
page 5
duration = life expectancy - 27
estimated duration of 
30 days
30 days
Only for chronic bronchitis and 
asthma some estimation is possible. 
The influence is small.
APPENDIX 4 CASE-STUDY FOR THE CITY OF LONDON
Model to calculate the concentration of PM2,5 and PM10 model in spreadsheed for London version: 3
with the impacts mortality and morbidity for a country or city
Name country or city: London Note: All the blue areas have to be filled in
Year: 2003
building block demand of energy demand of energy for the whole country
(for the whole country) in million tonnes of oil equivalent per year
coal 57436609 tonnes coal 40,86
oil 94768421053 liters oil 90,03
gas 97017795556 m3 gas 85,86
conversionfactors
building block sources of air pollution (fictitious amounts)
coal 50257033 tonnes 1 ton coal equivalent 29,3 GJ
oil 82922368421 liters 1 ton oil equivalent 41,2 GJ
gas 84890571111 m3 gas energy density 34,6-38,3 MJ/m3 mean: 36,45 MJ/m3
reduction 30 %
building block emissions contribution to air pol. 80 %
in kg per year
coal 221130945 emissionfactors for fuel combustion (particulate matter <= 10 microm)
oil 265998373
gas 10186869 coal 4,4 kg/tonnes
total 497316187 oil 3,21 kg/1000l
gas 120 kg/1000000m3
page 1
amounts can be found 
in IEA, 2006
calculation by using the 
conversionfactors
calculation by using the
emissionfactors factors from
NEPC,1999,
page 16 and 17
factors from
in IEA, 2006
or other known percentage
calculation by using 
reduction of and 
contribution to air 
pollution
model in spreadsheed for London version: 3
building block concentrations
for the whole country
area of the country 244820 km2
wind speed 5 m/s
net total 1,3 microg/m3 parameter A 100
transboundary 9,2 microg/m3 transboundary 9,2 microg/m3
background 10 microg/m3 background 10 microg/m3
concentration of PM10 20,5 microg/m3 PM2,5/PM10 0,65
concentration of PM2,5 13,3
Building block exposure
for the city population density of country 240
exposed to concentration PM10 44,8 microg/m3 population density of city 4761
exposed to concentration PM2,5 29,1 microg/m3
targetconc. PM10 10 microg/m3
targetconc. PM2,5 6,5 microg/m3
Calculation of RR (relative risk):
Building block impacts short term exposure:
MORTALITY all-cause 1,03 all ages
all-cause 4089 all ages respiratory 1,06 age < 5 years
respiratory 197 age < 5 years long term exposure:
cardiopulmonary 28234 age > 30 years cardiopulmonary 1,24 age > 30 years
lungcancer 40146 age > 30 years lungcancer 1,38 age > 30 years
Total mortality (not only by PM)
all ages 149119
< 5 3515
> 30 145604
page 2
mean values per 
year
calculation by using 
Bijvoet et al, 1979, 
p. 192 and 
reductionfactor
parameter A is 75 
for sunshine and 
115 for clouds
transboundary from NMI, 
2005 and background 
from Otro, 2004
PM2,5/PM10 ratio:
developed countries: 0,65
developing countries: 0,5
calculation of the RR with the 
formula of table 1 of Ostro, 
2004 or  see appendix 1 
table 2
these figures have to be found in the 
statistics of the country or city
APPENDIX 5 CASE-STUDY FOR THE CITY OF ROME
Model to calculate the concentration of PM2,5 and PM10 model in spreadsheed for Rome version: 3
with the impacts mortality and morbidity for a country or city
Name country or city: Rome Note: All the blue areas have to be filled in
Year: 2003
building block demand of energy demand of energy for the whole country
(for the whole country) in million tonnes of oil equivalent per year
coal 25274357 tonnes coal 17,98
oil 101578947368 liters oil 96,5
gas 71865033745 m3 gas 63,6
conversionfactors
building block sources of air pollution (fictitious amounts)
coal 25274357 tonnes 1 ton coal equivalent 29,3 GJ
oil 101578947368 liters 1 ton oil equivalent 41,2 GJ
gas 71865033745 m3 gas energy density 34,6-38,3 MJ/m3 mean: 36,45 MJ/m3
reduction 20 %
building block emissions contribution to air pol. 80 %
in kg per year
coal 111207171 emissionfactors for fuel combustion (particulate matter <= 10 microm)
oil 325844947
gas 8623804 coal 4,4 kg/tonnes
total 445675923 oil 3,21 kg/1000l
gas 120 kg/1000000m3
page 1
amounts can be found 
in IEA, 2006
calculation by using the 
conversionfactors
calculation by using the
emissionfactors factors from
NEPC,1999,
page 16 and 17
factors from
in IEA, 2006
or other known percentage
calculation by using 
reduction of and 
contribution to air 
pollution
model in spreadsheed for Rome version: 3
building block concentrations
for the whole country
area of the country 301318 km2
wind speed 4 m/s
net total 1,2 microg/m3 parameter A 100
transboundary 15,5 microg/m3 transboundary 15,5 microg/m3
background 10 microg/m3 background 10 microg/m3
concentration of PM10 26,7 microg/m3 PM2,5/PM10 0,73
concentration of PM2,5 19,5
Building block exposure
for the city population density of country 190
exposed to concentration PM10 38,5 microg/m3 population density of city 2100
exposed to concentration PM2,5 28,1 microg/m3
targetconc. PM10 10 microg/m3
targetconc. PM2,5 7,3 microg/m3
Calculation of RR (relative risk):
Building block impacts short term exposure:
MORTALITY all-cause 1,02 all ages
all-cause 1214 all ages respiratory 1,05 age < 5 years
respiratory 53 age < 5 years long term exposure:
cardiopulmonary 9331 age > 30 years cardiopulmonary 1,21 age > 30 years
lungcancer 13331 age > 30 years lungcancer 1,34 age > 30 years
Total mortality (not only by PM)
all ages 53934
< 5 1144
> 30 52790
page 2
mean values per 
year
calculation by using 
Bijvoet et al, 1979, 
p. 192 and 
reductionfactor
parameter A is 
75 for sunshine 
and 115 for 
clouds
transboundary from NMI, 
2005 and background 
from Otro, 2004
PM2,5/PM10 ratio:
developed countries: 0,65
developing countries: 0,5
calculation of the RR with the 
formula of table 1 of Ostro, 
2004 or see appendix 1 table 
2
these figures have to be found in the 
statistics of the country or city
APPENDIX 6 CASE-STUDY FOR THE CITY OF DELHI
Model to calculate the concentration of PM2,5 and PM10 model in spreadsheed for Delhi version: 3
with the impacts mortality and morbidity for a country or city
Name country or city: Delhi Note: All the blue areas have to be filled in
Year: 2003
building block demand of energy demand of energy for the whole country
(for the whole country) in million tonnes of oil equivalent per year
coal 576207549 tonnes coal 409,91
oil 134042105263 liters oil 127,34
gas 26474807243 m3 gas 23,43
conversionfactors
building block sources of air pollution (fictitious amounts)
coal 576207549 tonnes 1 ton coal equivalent 29,3 GJ
oil 134042105263 liters 1 ton oil equivalent 41,2 GJ
gas 26474807243 m3 gas energy density 34,6-38,3 MJ/m3 mean: 36,45 MJ/m3
reduction 20 %
building block emissions contribution to air pol. 80 %
in kg per year
coal 2535313216 emissionfactors for fuel combustion (particulate matter <= 10 microm)
oil 429980265
gas 3176977 coal 4,4 kg/tonnes
total 2968470458 oil 3,21 kg/1000l
gas 120 kg/1000000m3
page 1
amounts can be found 
in IEA, 2006
calculation by using the 
conversionfactors
calculation by using the
emissionfactors factors from
NEPC,1999,
page 16 and 17
factors from
in IEA, 2006
or other known percentage
calculation by using 
reduction of and 
contribution to air 
pollution
model in spreadsheed for Delhi version: 3
building block concentrations
for the whole country
area of the country 3287000 km2
wind speed 2,7 m/s
net total 1,1 microg/m3 parameter A 100
transboundary 0 microg/m3 transboundary 0 microg/m3
background 10 microg/m3 background 10 microg/m3
concentration of PM10 11,1 microg/m3 PM2,5/PM10 0,65
concentration of PM2,5 7,2
Building block exposure
for the city population density of country 32
exposed to concentration PM10 318,0 microg/m3 population density of city 9294
exposed to concentration PM2,5 206,7 microg/m3
targetconc. PM10 10 microg/m3
targetconc. PM2,5 6,5 microg/m3
Calculation of RR (relative risk):
Building block impacts short term exposure:
MORTALITY all-cause 1,28 all ages
all-cause 1384814 all ages respiratory 1,67 age < 5 years
respiratory 549092 age < 5 years long term exposure:
cardiopulmonary 627745 age > 30 years cardiopulmonary 1,67 age > 30 years
lungcancer 837942 age > 30 years lungcancer 2,16 age > 30 years
Total mortality (not only by PM)
all ages 6340169
< 5 1371640
> 30 1558910
page 2
mean values per 
year
calculation by using 
Bijvoet et al, 1979, 
p. 192 and 
reductionfactor
parameter A is 
75 for sunshine 
and 115 for 
clouds
transboundary from NMI, 
2005 and background 
from Otro, 2004
PM2,5/PM10 ratio:
developed countries: 0,65
developing countries: 0,5
calculation of the RR with the 
formula of table 1 of Ostro, 
2004 or  see appendix 1 
table 2
these figures have to be found in the 
statistics of the country or city
APPENDIX 7 CASE-STUDY FOR MEXICO CITY
Model to calculate the concentration of PM2,5 and PM10 model in spreadsheed Mexico city version: 3
with the impacts mortality and morbidity for a country or city
Name country or city: Mexico city Note: All the blue areas have to be filled in
Year: 2003
building block demand of energy demand of energy for the whole country
(for the whole country) in million tonnes of oil equivalent per year
coal 23123647 tonnes coal 16,45
oil 89052631579 liters oil 84,6
gas 47424142551 m3 gas 41,97
conversionfactors
building block sources of air pollution (fictitious amounts)
coal 28904559 tonnes 1 ton coal equivalent 29,3 GJ
oil 111315789474 liters 1 ton oil equivalent 41,2 GJ
gas 59280178189 m3 gas energy density 34,6-38,3 MJ/m3 mean: 36,45 MJ/m3
reduction 0 %
building block emissions contribution to air pol. 80 %
in kg per year
coal 127180059 emissionfactors for fuel combustion (particulate matter <= 10 microm)
oil 357078789
gas 7113621 coal 4,4 kg/tonnes
total 491372470 oil 3,21 kg/1000l
gas 120 kg/1000000m3
page 1
amounts can be found 
in IEA, 2006
calculation by using the 
conversionfactors
calculation by using the
emissionfactors factors from
NEPC,1999,
page 16 and 17
factors from
in IEA, 2006
or other known percentage
calculation by using 
reduction of and 
contribution to air 
pollution
model in spreadsheed Mexico city version: 3
building block concentrations
for the whole country
area of the country 1972550 km2
wind speed 2 m/s
net total 0,4 microg/m3 parameter A 100
transboundary 0 microg/m3 transboundary 0 microg/m3
background 10 microg/m3 background 10 microg/m3
concentration of PM10 10,4 microg/m3 PM2,5/PM10 0,5
concentration of PM2,5 5,2
Building block exposure
for the city population density of country 52
exposed to concentration PM10 54,8 microg/m3 population density of city 5896
exposed to concentration PM2,5 27,4 microg/m3
targetconc. PM10 10 microg/m3
targetconc. PM2,5 5 microg/m3
Calculation of RR (relative risk):
Building block impacts short term exposure:
MORTALITY all-cause 1,04 all ages
all-cause 12154 all ages respiratory 1,08 age < 5 years
respiratory 19249 age < 5 years long term exposure:
cardiopulmonary 16431 age > 30 years cardiopulmonary 1,27 age > 30 years
lungcancer 23230 age > 30 years lungcancer 1,43 age > 30 years
Total mortality (not only by PM)
all ages 345374
< 5 268691
> 30 76683
page 2
mean values per 
year
calculation by using 
Bijvoet et al, 1979, 
p. 192 and 
reductionfactor
parameter A is 
75 for sunshine 
and 115 for 
clouds
transboundary from NMI, 
2005 and background 
from Otro, 2004
PM2,5/PM10 ratio:
developed countries: 0,65
developing countries: 0,5
calculation of the RR with the 
formula of table 1 of Ostro, 
2004 or for see appendix 1 
table 2
these figures have to be found in the 
statistics of the country or city
